METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 
The present invention relates to a method for 
manufacturing a semiconductor device, and more particularly 
to a technique which can be effectively used for the 
manufacturing of high frequency power amplifier which is 
mainly comprised of hetero junction bipolar transistors 
(HBT) which constitute ultrahigh-speed IC elements. 

As a semiconductor device which exhibits high speed 
performance and low power consumption performance, a hetero 
junction bipolar transistor (hereinafter also referred to as 
HBT) has been known. This hetero junction bipolar 
transistor is used in a form that the transistor is 
incorporated into a high frequency power amplifier (RF power 
amplifying module) of a mobile communication terminal such 
as a portable cellular phone. 

The HBT has a structure in which a sub-collector layer 
and a collector layer are sequentially laminated onto one 
surface (main surface) of a semiconductor substrate, a base 
layer is partially formed over the collector layer, and an 
emitter layer which is formed of a semiconductor having a 
wide band gap is partially formed over the base layer. 
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In a power amplifying device for transmission in a 
communication system, the HBT has now been used as a 
transistor. Such a semiconductor device is described in 
Japanese Laid-open Patent 210723/2001. 

in Japanese Laid-open Patent 210723/2001, a technique 
for manufacturing a semiconductor device having a bias 
circuit which suppresses a change of an idle current 
attributed to a temperature change of a power transistor Trl 
is disclosed. Such a semiconductor device is manufactured 
using a GaAs substrate as a base and, for compensating for a 
temperature shift of the idle current, a plurality of 
Schottky diodes are provided to a base inputting part. The 
bias circuit is constituted of two transistors (Tr2, Tr3) 
which are connected to the power transistor Trl, two 
Schottky diodes (Dl, D2> and three resisters (Rl to R3) . 

That is, a base terminal of the power transistor Trl 
is connected to a collector terminal of the transistor Tr2 
through a resistor R3 in an emitter follower method, and a 
base terminal of the transistor Tr2 is grounded through the 
transistor Tr3 which short-circuits a base and a collector 
of the Schottky diodes Dl, D2 thus suppressing the change of 
the idle current C of the transistor Trl which is generated 
when the temperature changes. 
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Further, with respect to this semiconductor device, 
base electrodes and the Schottky electrodes of the HBT are 
simultaneously formed at the time of manufacturing the 
semiconductor device. 

On the other hand, in the manufacturing of the HBT, 
for preventing an excessive etching of the sub-collector 
layer, there has been known a technique which provides an 
InGaP layer between the sub-collector layer and the 
collector layer. This technique is described in IEEE 
Electron Device Lett., vol. 18, P 355, 1997. 

Further, in IEEE Electron Device Lett., vol. 18, P 559, 
1997, there is disclosed a technique which enhances the 
isolation performance by arranging an undoped InGaP layer 
having a resistance higher than a resistance of an undoped 
GaAs layer below a collector layer. 

SUMMARY OF THE INVENTION 
As a transistor which constitutes a high frequency 
power amplifier (RF power module) for a mobile communication 
unit, a hetero junction bipolar transistor (HBT) which 
constitutes a ultra high-speed IC element has been used. 
Further, to compensate for a temperature shifting of an idle 
current in the transistor, a bias circuit which provides a 
plurality of Schottky diodes to a base inputting part is 
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incorporated. Resistance elements are also incorporated in 

this bias circuit. 

The reduction of manufacturing cost has been requested 
with respect to the HBT in the same manner as other 
transistors and modules. With respect to the power 
transistor into which the bias circuit is incorporated, as 
described in the above-mentioned literature, there has been 
proposed the method which simultaneously forms the Schottky 
electrodes and the base electrodes using a same material. 
• To explain manufacturing steps thereof, as shown in 
Fig. 23(a), a semiconductor layer (n + type GaAs layer) below 
an emitter electrode 56 is etched using the emitter 
electrode 56 as a mask until the etching reaches a surface 
of a semiconductor layer (n type InGaP layer) which 
constitutes a wide gap emitter layer 54 below the 
semiconductor layer (n + type GaAs layer) thus forming a 

mesa-shaped emitter layer 55. 

Thereafter, an etching mask not shown in the drawing is 
formed and, as shown in Fig. 23(a), using this etching mask 
as a mask, a semiconductor layer which constitutes the wide 
gap emitter layer 54 which is exposed in a periphery of the 
emitter layer 55, a semiconductor layer (p-type GaAs layer) 
which constitutes a base layer 53 below the semiconductor 
layer, and a semiconductor layer (n + type GaAs layer) 52a 



which constitutes a collector layer below the base layer 53 
are sequentially etched, wherein the semiconductor layer 52a 
is etched to an intermediate depth thereof, thus forming the 
base layer having a mesa shape (mesa-shaped base layer) 53. 

Subsequently, a base electrode 57 and a Schottky 
electrode 58 are simultaneously formed, wherein the base 
electrode 57 is formed over the wide gap emitter layer 54 in 
the periphery of the emitter layer 55 and the Schottky 
electrode 58 is formed over the semiconductor layer (n + type 
GaAs layer) 52a which constitutes a collector layer in a 
Schottky diode forming region which is disposed away from a 
region where the HBT is formed. The base electrode 57 is 
subjected to an alloying treatment (heating treatment) . 

As a result, the wide gap emitter layer 54 below the 
base electrode 57 is alloyed so that a base electrode 57 and 
the base layer 53 are electrically connected to each other. 

Further, in the manufacturing of the HBT, as shown in 
Fig. 23(a), a substrate (wafer) which is eventually produced 
by sequentially forming respective semiconductor layers 
consisting of a sub collector layer 51, the collector layer 
52, the mesa-shaped base layer 53, the wide gap emitter 
layer 54 and the emitter 55 over one surface (main surface) 
of a semi-insulation GaAs substrate 50 is used. 
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However, in the method which forms the base electrode 
over the semiconductor layer which constitutes the wide gap 
emitter layer 54, it is necessary to form holes for forming 
the base electrode in the etching mask. Accordingly, in 
view of the mask alignment tolerance for forming this hole, 
it is necessary to ensure the mask alignment tolerance 
length between an outer periphery of the base electrode 57 
and an outer periphery of a mesa-shaped base layer 53 in 
Fig. 23(b). As a result, a junction area between the base 
layer 53 and the collector layer 52 is increased. The 
increase of the area between the base and the collector 
deteriorates the high frequency characteristics (for 
example, maximum oscillation frequency f max) . 

Then, as shown in Fig. 24, when the mask alignment 
tolerance length is shortened, the outer periphery of the 
base electrode 57 extends beyond the periphery of the mesa- 
shaped base layer 53 and is brought into contact with the 
collector layer 52 (contact portion 70) thus giving rise to 
a short-circuit defect. This leads to the lowering of a 
yield factor and brings about a drawback that a 
manufacturing cost is pushed up. 

To prevent the outer periphery of the base electrode 57 
from extending beyond the mesa-shaped base layer 53 and 
coming into contact with the semiconductor layer (n + type 
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GaAs layer) 52a which constitutes the collector layer, it is 
necessary to ensure a minimum mask alignment tolerance 
length "a". Fig. 25 is a schematic view for showing the 
size relationship among respective portions in the 
manufacturing of the HBT while ensuring the mask alignment 
tolerance length "a". 

A base-collector junction length L2 is a length which 
is obtained by adding 2 x mask alignment tolerance length 
-a" to a distance (distance between outer peripheries) "b" 
between one outer periphery of the base electrode 57 and 
another outer periphery which is disposed opposite to one 
outer periphery of the base electrode 57 and hence, the high 
frequency power amplifier becomes large-sized. The distance 
between outer peripheries ("b") is a sum of a width «d" of 
the base electrode 57, a length ~c" of the emitter electrode 
56 and a distance «e" from a periphery of the emitter 
electrode 56 to an inner periphery of the base electrode 57. 

The inventors of the present invention have studied the 
above-mentioned distances and widths from a viewpoint of 
miniaturization of the HBT element and have obtained 
following sizes of respective portions as a result of the 
study. That is, the lengths and the widths are set such 
that c = 4 urn, d = 1 urn, e = 1 |im and b = 8 »un. Further, by 



setting the mask alignment tolerance length "a" as a = 0.8 
pm, the base-collector junction length L2 becomes 9.6 pm. 

On the other hand, to ensure the insulation separation 
(isolation) between the HBT and the other element arranged 
close to the HBT, there has been known a structure which 
provides a separation groove between the elements by 
etching. In performing this etching, when the etching is 
insufficient, the separation groove is not formed thus 
giving rise to a short-circuit defect, while when the 
etching is excessive, a large stepped portion is formed and 
hence, a line which is arranged traversing the stepped 
portion is disconnected due to the large stepped portion. 

Fig. 26 is a schematic view showing an example of a 
defect caused by the insufficient etching or the excessive 
etching. For example, an area inside a left frame in Fig. 
26 constitutes a region A for forming the HBT and an area 
inside a right frame in Fig. 26 constitutes a region B for 
forming another element such as a Schottky diode, for 
example. In the region A for forming the HBT, lines "a" to 
«c" which are respectively connected to an emitter electrode 
E, a base electrode B and a collector electrode C traverse 
the separation groove, while in the region B for forming the 
Schottky diode, a line «d" which is connected to a Schottky 
electrode st traverses the separation groove. 



When the etching becomes insufficient in the formation 
of the separation groove, there arises a case that a 
defective isolation is generated between the region A for 
forming the HBT and the region B for forming the Schottky 
diode as indicated by (1) in Fig. 26. Further, when the 
etching is excessive, a stepped portion of the separation 
groove at the periphery of the region A for forming the HBT 
or the periphery of the region B for forming the Schottky 
diode is enlarged and hence, the line "a", the line "c" or 
the line "d" is disconnected at the stepped portion as 
indicated by (2) in Fig. 26. Further, when the stepped 
portion is large, in forming the lines by etching, the 
etching of the portion which is arranged along the stepped 
portion can not be performed favorably and hence, a metal 
layer for forming the line remains as indicated by (3) in 
Fig. 26. The lines which are arranged closed to each other 
are connected due to this residual metal h thus giving rise 
to a short-circuit defect. Such an excessive or 
insufficient etching lowers a manufacturing yield factor 
thus pushing up a product cost. 

Accordingly, it is an object of the present invention 
to provide a method for manufacturing a semiconductor device 
which can achieve the enhancement of a yield factor as well 
as the reduction of a manufacturing cost. 
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It is another object of the present invention to 
provide a method for manufacturing a semiconductor device 
which exhibits the excellent high frequency characteristics 
and can be manufactured at a low cost by narrowing an area 
between a base and collector in a hetero junction bipolar 
transistor. 

The above-mentioned and other objects and novel 
features of the present invention will become apparent from 
the description of this specification and attached drawings. 

To briefly explain the summary of typical inventions 
described in the inventions disclosed in the present 
application, they are as follows. 

(1) In a method for manufacturing a semiconductor 
device in which a plurality of semiconductor layers are 
sequentially formed in a laminated manner over a 
semiconductor substrate, a hetero junction bipolar 
transistor, a Schottky diode and a resistance element are 
formed in a monolithic manner, and a separation groove for 
establishing an electric insulation is formed at least 
between the hetero junction bipolar transistor and the 
Schottky diode, 

respective semiconductor layers which are formed into a 
sub collector layer, a collector layer, a base layer, a wide 
gap emitter layer and an emitter layer are sequentially 
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formed over one surface of the semiconductor substrate and, 
thereafter, in the manufacture of the hetero junction 
bipolar transistor, among the above-mentioned respective 
semiconductor layers, given semiconductor layers are formed 
in given patterns by sequential etching thus sequentially 
forming an emitter layer, a wide gap emitter layer, a base 
layer, a collector layer and a sub collector layer, and at 
the same time, an emitter electrode is formed over the 
emitter layer, an alloying treatment is applied to the wide 
gap emitter layer which extends around the emitter layer 
thus forming a base electrode which is electrically 
connected to the base layer, and a collector electrode is 
formed over the collector layer which extends around the 
base layer thus forming the hetero junction bipolar 
transistor, 

in the manufacture of the Schottky diode, a Schottky 
electrode is formed over a semiconductor layer corresponding 
to the collector layer, and an ohmic electrode for diode is 
formed over a semiconductor layer corresponding to the sub 
collector layer thus forming the Schottky diode, 

in the manufacture of the resistance element, a 
resistance film is formed over an insulation film in a 
region outside a region where the hetero junction bipolar 
transistor and the Schottky diode are formed, and 
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the Schottky electrode and the resistance film are 
simultaneously formed using a same material. 

Further, the semiconductor substrate is formed of a 
semi-insulating GaAs substrate, the sub collector layer is 
formed of a first conductive-type GaAs layer, the collector 
layer is formed of a first conductive-type GaAs layer, the 
base layer is formed of a second conductive-type GaAs layer, 
the wide gap emitter layer is formed of a first conductive- 
type InGaP layer, the emitter layer is formed of a first 
conductive type GaAs layer having an InGaAs layer as a 
surface layer thereof, the etching stopper layer is formed 
of a first conductive-type InGaP layer. The Schottky 
electrode and the resistance film are made of alloy which 
mainly contains a'high melting-point material or a silicide 
and have given portions on which lines made of aluminum are 
overlapped. 

Due to such a constitution, the Schottky diode and the 
resistance film can be formed simultaneously and hence, man- 
hours can be reduced so that a product cost can be reduced. 

(2) In the above-mentioned constitution (1), the base 
electrode is formed such that the base electrode surrounds 
the emitter layer and, at the same time, a region ranging 
from the base electrode to the inside of the base electrode 
except for an outer periphery of the base electrode is 
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covered with a mask for etching, and the collector layer is 
etched to an intermediate depth thereof using the mask for 
etching and the base electrode as masks thus forming the 
mesa-shaped base layer. Due to such a constitution, it is 
possible to reduce a base-collector junction area so that 
the high frequency characteristics (for example, maximum 
oscillation frequency fmax and the like) of the hetero 
junction bipolar transistor can be enhanced. 

(3) In the above-mentioned constitution (1), an etching 
stopper layer which is formed of a material having an 
etching speed lower than an etching speed of the sub 
collector layer is formed between the semiconductor 
substrate and the sub collector layer and, at the same time, 
an etching stopper layer which is formed of a material 
having an etching speed lower than an etching speed of the 
collector layer is formed between the sub collector layer 
and the collector layer, 

an etching which is performed to expose the sub 
collector layer by etching the collector layer is completed 
by stopping the etching at the etching stopper layer, and 

the formation of the separation groove includes an 
etching treatment in which etching of the sub collector 
layer is stopped at the etching stopper layer, an etching 
treatment in which the etching stopper layer is etched, and 
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an etching treatment in which a surface layer portion of the 
semiconductor substrate is etched. Due to such a 
constitution, it is possible to prevent a shortage of 
etching and an excessive etching and so that an isolation 
defect attributed to the shortage of etching can be 
suppressed and a disconnection of lines or a short-circuit 
between lines which occurs at a stepped portion attributed 
to the excessive etching can be prevented whereby a 
manufacturing yield factor is enhanced and a production cost 
can be reduced. This constitution (3) is particularly 
effective (a) when it is necessary to lower the resistance 
of the sub collector by increasing a thickness of the sub 
collector layer and (b) when it is necessary to increase a 
collector breakdown strength and to reduce a collector 
capacitance by increasing a thickness of the collector 
layer. For example, with respect to a GaAs HBT for power 
use, a sub collector layer and a collector layer whose total 
thickness is equal to or more than 1 um are usually used. 

BRIEF EXPLANATION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view showing a portion of 
a high frequency power amplifier in which a bias circuit is 
incorporated according to one embodiment (embodiment 1) of 
the present invention. 
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Fig. 2 is an equivalent circuit diagram of the high 
frequency power amplifier of the embodiment 1. 

Fig. 3 is a cross-sectional view of a portion of a 
semiconductor substrate on which a mesa-shaped emitter layer 
is formed in a method for manufacturing the high frequency 
power amplifier of the embodiment 1. 

Fig. 4 is a cross-sectional view of a portion of a 
semiconductor substrate on which a base electrode is formed 
in a method for manufacturing the high frequency power 
amplifier of the embodiment 1. 

Fig. 5 is a cross-sectional view of a portion of a 
semiconductor substrate on which a mesa-shaped base layer is 
formed in a method for manufacturing the high frequency 
power amplifier of the embodiment 1. 

Fig. 6 is a cross-sectional view of a portion of a 
semiconductor substrate on which a collector electrode and a 
diode electrode are formed in a method for manufacturing the 
high frequency power amplifier of the embodiment 1. 

Fig. 7 is a cross-sectional view of a portion of a 
semiconductor substrate which is subjected to a first 
etching treatment for forming a separation groove in a 
method for manufacturing the high frequency power amplifier 
of the embodiment 1. 
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Fig. 8 is a cross-sectional view of a portion of a 
semiconductor substrate which is subjected to a second 
etching treatment for forming a separation groove in a 
method for manufacturing the high frequency power amplifier 
of the embodiment 1 . 

Fig. 9 is a cross-sectional view of a portion of a 
semiconductor substrate on which a Schottky electrode for 
diode and a resistance film are formed in a method for 
manufacturing the high frequency power amplifier of the 
embodiment 1 . 

Fig. 10 is a cross-sectional view of a portion of a 
semiconductor substrate on which lines are formed in a 
method for manufacturing the high frequency power amplifier 
of the embodiment 1 . 

Fig. 11 is a schematic view showing a miniaturized 
base-collector junction portion in the high frequency power 
amplifier of the embodiment 1. 

Fig. 12 is a graph showing the correlation between a 
base-collector junction area and the power adding efficiency 
in the semiconductor device of the embodiment 1. 

Fig. 13 is a cross-sectional view of a portion of a 
semiconductor substrate on which an interlayer insulation 
film which covers a collector electrode, a diode electrode 
and the like is formed in a method for manufacturing a high 
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frequency power amplifier in which a bias circuit which 
constitutes another embodiment (embodiment 2) of the present 
invention is incorporated. 

Fig. 14 is a cross-sectional view of a portion of a 
semiconductor substrate on which an emitter electrode and a 
Schottky electrode for diode are formed in a method for 
manufacturing the high frequency power amplifier of the 
embodiment 2 . 

Fig. 15 is a cross-sectional view of a portion of a 
semiconductor substrate on which a second interlayer film 
and a resistant film are formed in a method for 
manufacturing a high frequency power amplifier of the 
embodiment 2 . 

Fig. 16 is a cross-sectional view of a portion of a 
semiconductor substrate on which lines and a final 
passivation film are formed in a method for manufacturing a 
high frequency power amplifier of the embodiment 2. 

Fig. 17 is a cross-sectional view of a portion of a 
semiconductor substrate on which a mesa-shaped emitter layer 
is formed in a method for manufacturing a high frequency 
power amplifier in which a bias circuit is incorporated 
which constitutes another embodiment (embodiment 3) of the 
present invention. 
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Fig. 18 is a cross-sectional view of a portion of a 
semiconductor substrate on which a mesa-shaped base layer is 
formed in a method for manufacturing a high frequency power 
amplifier of the embodiment 3. 

Fig. 19 is a cross-sectional view of a portion of a 
semiconductor substrate on which a collector electrode and 
an electrode for diode are formed in a method for 
manufacturing a high frequency power amplifier of the 
embodiment 3 . 

Fig. 20 is a cross-sectional view of a portion of a 
semiconductor substrate on which an interlayer insulation 
film is formed in a method for manufacturing a high 
frequency power amplifier of the embodiment 3. 

Fig. 21 is a cross-sectional view of a portion of a 
semiconductor substrate on which an emitter electrode, a 
Schottky electrode for diode and a resistance film are 
formed in a method for manufacturing a high frequency power 
amplifier of the embodiment 3. 

Fig. 22 is a cross-sectional view of a portion of a 
semiconductor substrate on which lines and a final 
passivation film are formed in a method for manufacturing a 
high frequency power amplifier of the embodiment 3. 

Fig. 23 is a cross-sectional view of a portion of a 
semiconductor substrate in a given manufacturing step of a 
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high frequency power amplifier which is manufactured prior 
to the present invention. 

Fig. 24 is a cross-sectional view of a portion of a 
semiconductor substrate showing a defective example in a 
given manufacturing step of a high frequency power amplifier 
which is manufactured prior to the present invention. 

Fig. 25 is a schematic view showing a base-collector 
junction portion in a high frequency power amplifier which 
is manufactured prior to the present invention. 

Fig. 26 is a schematic view showing a defective example 
attributed to a shortage of etching or an excessive etching 
in the formation of a separation groove by etching. 

DESCRIPTION OF PREFERRRED EMBODIMENT 
Preferred embodiments of the present invention are 
explained in detail hereinafter in conjunction with attached 
drawings. In all drawings which are served for explaining 
the embodiments of the present invention, parts having same 
functions are indicated by same numerals or symbols and 
repeated explanation thereof is omitted. 
(Embodiment 1) 

Fig. 1 to Fig. 12 are views which are related to a high 
frequency power amplifier in which a bias circuit is 
incorporated and a method for manufacturing the high 
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frequency power amplifier in one embodiment (embodiment 1) 
of the present invention. In these drawings, Fig. 1 is a 
cross-sectional view showing a portion of the high frequency 
power amplifier and Fig. 2 is an equivalent circuit diagram 
of the high frequency power amplifier, and Fig. 3 to Fig. 9 
are cross-sectional views showing a portion of a 
semiconductor substrate in respective manufacturing steps of 
the high frequency power amplifier. 

The semiconductor device 1 of the embodiment 1 is, as 
shown in Fig. 1, comprised of a hetero junction bipolar 
transistor (HBT) 20, a Schottky diode 40 and a resistance 
element 45. These HBT 20, the Schottky diode 40 and the 
resistance element 45 are formed by processing semiconductor 
layers or the like which are formed in multi-layers on one 
surface (main surface) of a semiconductor substrate 2. 

As the semiconductor substrate 2, a semi-insulating 
GaAs substrate 2 is used, for example. At a portion of the 
hetero junction bipolar transistor 20, on a portion of main 
surface of the above-mentioned semi-insulating GaAs layer 2, 
a first conductive-type (n-type, for example) n-type GaAs 
layer 4 is formed by way of an n-type InGaP layer 3. The n- 
type InGaP layer 3 constitutes a sub collector layer 4a and 
this n-type InGaP layer 3 functions as an etching stopper 
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layer when the sub collector layer 4a is formed by etching 
the n-type GaAs layer 4. 

Over the n-type GaAs layer 4, the n-ty P e GaAs layer 6 
is formed by way of an n-ty P e InGaP layer 5. The n-type 
GaAs layer 6 constitutes a collector layer 6a and the n-type 
InGaP layer 5 functions as an etching stopper layer when the 
collector layer 6a is formed by etching the n-type GaAs 
layer 6. 

Over the collector layer 6a, a base layer 7a which is 
constituted of a second conductive p-type GaAs layer 7 is 
formed. The base layer 7a is formed in a square shape and a 
base electrode 10 is formed over a periphery thereof. Over 
the base layer 7a inside the base electrode 10, a wide gap 
emitter layer 8a which is constituted of an n-type InGaP 
layer 8 is formed. The n-type InGaP layer 8 adopts the wide 
band gap constitution. 

Since the base layer 7a is formed by etching which uses 
the base electrode 10 also as a mask for etching, the base 
layer 7a is formed into a mesa-shaped base layer in which 
the periphery of the base layer 7a is retracted inwardly 
from an outer periphery of the base electrode 10. 
Accordingly, the outer periphery of the base electrode 10 
projects outwardly from the base layer 7a in an overhanging 
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manner or like eaves. The etching naturally reaches a 
surface layer portion of the collector layer 6a. 

Further, since the base electrode 10 is subjected to 
the alloying treatment after the base electrode 10 is formed 
over the n-type InGaP layer 8, the n-type InGaP layer 8 
below the base electrode 10 is alloyed and the base 
electrode 10 is electrically connected to the base layer 7a 
through this alloy layer. 

Over a portion of, that is, over a center portion of 
the wide gap emitter layer 8a, an emitter layer 9a which is 
constituted of an n-type InGaAs/n-type GaAs layer 9 (n-type 
GaAs layer having an n-type InGaAs layer on a surface 
thereof for having an ohmic contact with an emitter 
electrode) is formed. An emitter electrode 11 is formed 
over the emitter layer 9a. Since the emitter layer 9a is 
formed by etching using the emitter electrode 11 which is 
formed over the n-type InGaAs/n-type GaAs layer 9 
(hereinafter simply expressed as the n-type GaAs layer 9) as 
a mask for etching, an outer periphery of the emitter 
electrode 11 also projects from a periphery of the emitter 
layer 9a in an overhanging manner. 

The collector layer 6a which projects from the 
periphery of the base layer 7a and is disposed below the 
base layer 7a by one stage has a portion thereof removed and 
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a collector electrode 12 is formed over the n-type InGaP 
layer 5 which is exposed by such a removal. Although the re- 
type InGaP layer 5 which functions as an etching stopper 
layer is interposed between the collector electrode 12 and 
the sub collector layer 4a, since the layer is of n-type, 
the collector electrode 12 and the sub collector layer 4a 
are electrically connected to each other. 

The HBT 20 is held in an electrically independent state 
by being isolated. That is, a separation groove 13 which 
reaches a surface layer of the semi-insulating GaAs 
substrate 2 is formed in the periphery of the HBT 20 so that 
the HBT 20 has the electrically independent constitution. 
Due to the formation of the separation groove 13 for 
isolation, the n-type GaAs layer 4 is formed into the sub 
collector layer 4a in a region where the HBT 20 is formed. 

The sub collector layer 4a, the n-type InGaP layer 5, 
the collector layer 6a, the base layer 7a, the base 
electrode 10, the wide gap emitter layer 8a, the emitter 
layer 9a and the emitter electrode 11 formed over the semi- 
insulating GaAs substrate 2 are covered with an insulation 
film 14. Further, an interlayer insulation film 15 is 
formed over the insulation film 14 in an overlapped manner. 

Contact holes are formed in the insulation film 14 and 
the interlayer insulation film 15 at given places. Lines 16 
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having a given pattern are formed over these contact holes 
and the interlayer insulation film 15. Given portions of 
the lines 16 are respectively connected to the base 
electrode 10, the emitter electrode 11 and the collector 
electrode 12. The lines 16 are, for example, formed of 
aluminum. 

Further, the lines 16 and the interlayer insulation 
film 15 are covered with an insulation film 17 which 
constitutes a final passivation film. Although not shown in 
the drawings, the insulation film 17 is partially removed by 
etching so as to expose portions of lines which constitute 
external electrode terminals. These external electrode 
terminals correspond to VI, Vcc2, Vcc in a circuit diagram 
shown in Fig. 2, for example. 

The Schottky diode 40 includes an n-type InGaP layer 3, 
an n-type GaAs layer 4, an n-type InGaP layer 5 and an n- 
type GaAs layer 6 which are formed in an overlapped manner 
over the semi-insulating GaAs substrate 2 which is 
surrounded by the separation groove 13. A Schottky 
electrode 41 which constitutes one electrode of the Schottky 
diode 40 is selectively formed over the n-type GaAs layer 6. 
Further, the n-type GaAs layer 6 is partially removed by 
etching and an ohmic electrode 42 for diode which 
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constitutes another electrode of the Schottky diode is 
formed over the exposed n-type InGaP layer 5. 

The Schottky diode forming region which is surrounded 
by the separation groove 13 is also covered with the 
insulation film 14 and the interlayer insulation film 15 
which is overlapped to the insulation film 14. Further, 
contact holes are formed at given places by selectively 
removing the interlayer insulation film 15 and the 
insulation film 14. Lines 16 having a given pattern are 
formed over these contact holes and the interlayer 
insulation film 15. Given portions of these lines 16 are 
respectively connected to the Schottky electrode 41 and the 
ohmic electrode 42 for diode. The lines 16 are formed of 
aluminum as mentioned above. 

The resistance element 45 is constituted of a 
resistance film 46 which is selectively formed over the 
insulation film 14 which covers a surface of the semi- 
insulating GaAs substrate 2 which is etched at the time of 
forming the separation groove 13 and lines 16 which are 
connected to respective ends of the resistance film 46. 
That is, the resistance film 4 6 is covered with the 
interlayer insulation film 15, contact holes are formed in 
the interlayer insulation film 15 at portions thereof 
corresponding to both end portions of the resistance film 
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46, and the lines 16 are electrically connected to the 
resistance film 46 through the contact holes. 

In this embodiment 1, the Schottky electrode 41 and the 
resistance film 46 are formed simultaneously using the same 
material. Further, to form the resistance film and to 
establish the Schottky junction, the Schottky electrode 41 
and the resistance film 46 are formed of alloy containing 
mainly a high melting point material such as WSiN or 
silicide. A film thickness of the WsiN film is, for 
example, 0 . 1 to 0 . 5 urn and is 0 . 2 urn in this embodiment 1. 

To reduce the electric resistance of the Schottky 
electrode 41, the film thickness of the WSiN film is set 
thin, that is, to 0.2 nm and, at the same time, the line 16 
which is connected to the WSiN film is overlapped to the 
WSiN film by a given length. Here, the lines 16 may be 
formed of a metal layer for reducing the electric 
resistance. 

When the size of the Schottky electrode 41 is set to 
the size of 10 pm x 10 urn, the parasitic resistance is 0.2 Q 
even when the thickness of the WSiN is 1 pm and hence, there 
arises no problem. Further, with respect to the resistance 
film, the film is made thin to maintain the flatness. The 
resistance ratio p of WSiN is changed corresponding to the 
composition of nitrogen and silicon and can take a 



resistance value of 500 to 5000 uQcm, for example. In this 
case, the sheet resistance ps of the resistance film can be 
set to 10 to 500 Q/D based on a formula ps = p/t, wherein t 
is a thickness of the resistance film. 

Further, as the material of Schottky electrode and the 
resistance film, WSi, WN, TaSi, TaN, TaSiN, TiN, TiSiN, 
MoSi, MoSiN and the like can be used. 

In this embodiment 1, the emitter electrode 11 is 
formed of WSi, the base electrode 10 is formed of 
Au/Ti/Mo/Ti/Pt, and the collector electrode 12 and the ohmic 
electrode 42 for diode are formed of AuGe . 

Then, the method for manufacturing the semiconductor 
device 1 is explained in conjunction with Fig. 3 to Fig. 10. 

By sequentially laminating the n-type InGaP layer 3, 
the n-type GaAs layer 4, the n-type InGaP layer 5, the n- 
type GaAs layer 6, the p-type GaAs layer 7, the n-type InGaP 
layer 8, and the n-type GaAs layer 9 to a main surface of 
the semi-insulating GaAs substrate 2 using a MOCVD 
(Metalorganic Chemical Vapor Deposition) method or the like, 
a wafer 25 is formed. The n-type InGaP layer 8 constitutes 
the wide band gap layer. To show an example of thicknesses 
of respective semiconductor layers, the semi-insulating GaAs 
substrate 2 has a thickness of 625 um, the n-type InGaP 
layer 3 has a thickness of 20 nm, the n-type GaAs layer 4 
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has a thickness of 700 run, the n-type InGaP layer 5 has a 
thickness of 20 nm, the n-type GaAs layer 6 has a thickness 
of 700 nm, the p-type GaAs layer 7 has a thickness of 100 
nm, the n-type InGaP layer 8 has a thickness of 35 nm, and 
the n-type InGaAs/ n-type GaAs layer 9 (the n-type GaAs 
layer 9) has a thickness of 400 nm. The n-type InGaAs layer 
which constitutes a surface layer of the n-type InGaAs /re- 
type GaAs layer 9 is a layer having an ohmic contact with 
an emitter electrode and has a thickness of approximately 
100 nm. Here, since the n-type InGaP layer 3 is necessary 
in a method for separating elements, in many cases, the 
layer 3 may be preferably formed of an n-type layer having 
low concentration by suppressing n-type impurities. 
Further, although the GaAs substrate 2 has a thickness of 
625 Mm at the time of manufacturing the substrate 2 
initially, the thickness is reduced to 100 to 50 urn at the 
final manufacturing step and hence, the thermal resistance 
of the semiconductor substrate is lowered so that the GaAs 
substrate 2 can be used as a product. 

Subsequently, as shown in Fig. 3, the emitter electrode 
11 having a given size is formed over the n-type GaAs layer 
9 using a photolithography technique and an etching 
technique which are adopted usually. The emitter electrode 
11 is formed of WSi, for example, and is formed with a 
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thickness of approximately 200 nm. Thereafter, the n-type 
InGaAs/ n-type GaAs layer 9 is etched using the emitter 
electrode 11 as an etching mask. The etching is performed 
by wet etching which uses a mixed aqueous solution of 
phosphoric acid and hydrogen peroxide. Since the n-type 
InGaP layer 8 functions as an etching stopper layer, it is 
possible to surely remove the n-type InGaAs/n-type GaAs 
layer 9 by selecting an etching time. Due to this wet 
etching, the mesa-shaped emitter layer 9a can be formed. 

Subsequently, as shown in Fig. 4, the base electrode 10 
is formed using a lift-off method and an alloying treatment. 
That is, an insulation film made of SiQ 2 is formed over a 
whole area of a surface of the wafer 25, openings are formed 
in the insulation film at some places using a photo resist, 
and a metal film is formed over the insulation film by a 
sputtering method. For example, a multi-layered film 
(thickness: 300 nm) formed of Au/Ti/Mo/Ti/Pt which uses Pt 
as a lowermost layer is formed by a sputtering method. 
Thereafter, electrodes can be formed in the opening portions 
by removing the photo resist. Then, the alloying treatment 
is performed by heat treatment. Due to this alloying 
treatment, Pt which constitutes the lowermost layer is 
alloyed by the reaction with the n-type InGaP layer 8 and 
the p-type GaAs layer 7 and is brought into an ohmic contact 
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with the p-type GaAs layer 7. The base electrode 10 is, as 
shown in Fig. 1, formed such that the base electrode 10 
surrounds the emitter layer 9a. 

Subsequently, as shown in Fig. 5, to form the mesa- 
shaped base layer, a photo resist film 26 is selectively 
formed over a surface of the wafer 25. The photo resist 
film 26 is formed such that the photo resist film 26 extends 
over the base electrode 10 which is arranged to surround the 
emitter layer 9a from above the emitter layer 9a. To use 
the base electrode 10 as an etching mask, the photo resist 
film 26 is formed such that an outer periphery of the base 
electrode 10 is exposed. Then, using the base electrode 10 
and the photo resist film 26 as masks, the n-type InGaP 
layer 8 and the p-type GaAs layer 7 which is disposed below 
the n-type InGaP layer 8 are etched. In etching the p-type 
GaAs layer 7, a surface layer portion of the n-type GaAs 
layer 6 is also etched. With this etching, the mesa-shaped 
base layer 7a is formed. Here, an upper periphery of the 
base layer 7a is disposed at a position inside the outer 
periphery of the base electrode 10 by "g". 

The etching of the n-type InGaP layer 8 is performed by 
wet etching which uses hydrochloric acid and the etching of 
the p-type GaAs layer 7 and the surface layer portion of the 
n-type GaAs layer 6 is performed by wet etching which uses a 
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mixed aqueous solution of phosphoric acid and hydrogen 
peroxide. Since the n-type GaAs layer 6 is etched by 
approximately 300 nm, the n-type GaAs layer 6 still 
maintains a thickness of approximately 400 nm. After 
performing etching, the photo resist film 26 is removed. 

Depending on the degree of this etching, the size (area 
and length) of the base-collector junction is determined. 
Fig. 11 is a schematic view showing the base-collector 
junction portion. The drawing corresponds to Fig. 25 and 
shows a state in which the miniaturization of the base- 
collector junction is achieved due to the embodiment 1. 

According to this embodiment 1, the etching is 
performed by making use of the base electrode 10 as the 
etching mask and hence, a base-collector junction length Ll 
becomes shorter than a distance between one outer periphery 
of the base electrode 10 and the other outer periphery 
opposed to the one outer periphery (distance between outer 
peripheries) "b" due to an action of side etching and 
becomes shorter than a base-collector junction length L2 
shown in Fig. 25. In Fig. 11, the base-collector junction 
length L2 is indicated for a comparison purpose. The 
distance between outer peripheries "b" is a sum of a width 
"d" of the base electrode 10, a length "c" of the emitter 
electrode 56 and a distance "e" from a periphery of the 
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emitter electrode 56 to an inner periphery of the base 
electrode 10. 

According to this embodiment 1, when the distance 
between outer peripheries «b» of the base electrode 10 is 
set to 8 ^im in the same manner as the structure shown in 
Fig. 25, the outer peripheries of the mesa-shaped base layer 
7a are respectively retracted toward the inside by 0 . 4 urn by 
side etching and hence, the base-collector junction length 
LI takes a small value, that is, 7.2 um. This value is 
smaller by 2.4 pm than the value shown in Fig. 25. 
Accordingly, it is possible to miniaturize the hetero 
junction bipolar transistor 20. 

Subsequently, as shown in Fig. 6, an insulation film 27 
having a thickness of 100 nm which is made of Si0 2 is formed 
over the surface of the wafer 25. Thereafter, the n-type 
GaAs layer 6 is selectively etched by the photolithography 
technique or the etching technique which are usually 
employed so as to form contact holes for forming electrodes. 
Then, the collector electrode 12 and the ohmic electrode 42 
for diode are formed by a lift-off method. The collector 
electrode 12 and the ohmic electrode 42 for diode having a 
thickness of 300 nm are formed using AuGe by a sputtering 
method. 
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in etching the above-mentioned n-type GaAs layer 6, wet 
etching which uses a mixed aqueous solution of phosphoric 
acid and hydrogen peroxide is adopted and hence, although it 
is possible to completely etch the n-type GaAs layer 6 in 
the etching region, the n-type InGaP layer 5 below the n- 
type GaAs layer 6 is not etched. Accordingly, the thickness 
of the n-type GaAs layer 4 is not changed so that the 
collector resistance value is not changed whereby there is 
no possibility that the collector resistance is increased by 
etching. 

Subsequently, the insulation film 28 for forming the 
separation groove for isolation is selectively formed over 
the surface of the wafer 25 by the photolithography 
technique and the etching technique which are usually 
employed. The insulation film 28 is made of Si0 2 and the 
insulation film 27 is integrally formed with the insulation 
film 28. Accordingly, the symbol is set to 28. 

As shown in Fig. 7, using the insulation film 28 as a 
mask, the n-ty P e GaAs layer 6 is etched using a mixed 
aqueous solution of phosphoric acid and hydrogen peroxide. 
Subsequently, the n-type InGaP layer 5 is etched by etching 
which uses hydrochloric acid as an etchant . Then, the n- 
type GaAs layer 4 is etched by etching which uses a mixed 
aqueous solution of phosphoric acid and hydrogen peroxide a 
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an etchant. In this state, the n-type InGaP layer 3 remains 
as shown in Fig. 7. 

Subsequently, as shown in Fig. 8, using the insulation 
film 28 as a mask, the n-type InGaP layer 3 is successively 
etched by etching which uses hydrochloric acid as an 
etchant. Subsequently, a surface layer of the semi- 
insulating GaAs substrate 2 is etched to a given depth by 
etching which uses a mixed aqueous solution of phosphoric 
acid and hydrogen peroxide as an etchant. Accordingly, the 
separation groove 13 is formed around regions on which the 
HBT and the Schottky diode are formed. In the resistance 
element forming region, a surface layer portion of the semi- 
insulating GaAs substrate 2 is etched. Although a portion 
of the semi-insulating GaAs substrate 2 is also etched in 
this embodiment, etching may be stopped in a state that the 
n-type InGaP layer 3 is etched. 

In the formation of this separation groove 13, to 
perform etching of the n-type GaAs layer 4, after stopping 
the etching at the n-type InGaP layer 3 which constitutes an 
etching stopper layer, the n-type InGaP layer 3 is etched 
and, thereafter, a surface layer portion of the semi- 
insulating GaAs substrate 2 which exposes a surface thereof 
is etched to a given depth (50 |im, for example). By 
adopting such a technique, it is possible to always set a 
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height of the groove bottom of the separation groove 13 to a 
fixed value. This is because that a depth of etching of the 
surface layer portion of the semi-insulating GaAs substrate 
2 is short and hence, the depth of etching can be accurately 
controlled based on the etching time. 

That is, respective semiconductor layers have 
irregularities in thickness when they are formed and hence, 
in the formation of the separation groove 13 by etching, 
when either one of a method (1) in which the n-type GaAs 
layer 6, the n-type GaAs layer 4 and the semi-insulating 
GaAs substrate 2 are etched under time control without 
forming an etching stopper layer in an intermediate portion 
thereof and a method (2) in which the n-type GaAs layer 4 
and the semi-insulating GaAs substrate 2 are etched under 
time control without forming an etching stopper layer in an 
intermediate portion thereof, the depth of etching becomes 
deep. Accordingly, the etching time is prolonged and the 
irregularities of the depth of the separation groove 13 is 
increased so that the shortage of etching or the excessive 
etching is liable to easily occur. 

To the contrary, the height of the groove bottom of the 
separation groove 13 in the first embodiment 1 is determined 
based on the etching from the surface of the semi-insulating 
GaAs substrate 2 which is exposed by removing the n-type 



35 



InGaP layer 3 and the depth of etching is also shallow, that 
is approximately 50 pm, for example. Accordingly, even when 
the etching under time control is performed, the 
irregularities in the depth of the groove bottom becomes 
small so that a step of the separation groove 13 portion 
takes a proper value and hence, a large step is not formed. 

Due to the formation of the separation groove by 
etching which adopts such an etching treatment technique, 
the shortage of etching and the excessive etching can be 
prevented. As a result, it is possible to prevent the 
occurrence of the isolation failure between the region where 
the HBT is formed and the region where the Schottky diode is 
formed as indicated by (1) shown in Fig. 26. It is also 
possible to prevent the disconnection of lines at the 
stepped portion indicated by (2) in Fig. 26. Further, it is 
possible to prevent the occurrence of short-circuit failure 
between the lines which is attributed to the residue of the 
metal layer at a portion along the step indicated by (3) in 
Fig. 26. 

Subsequently, as shown in Fig. 9, the insulation film 
14 having a thickness of 400 nm and made of Si0 2 is formed 
over a whole area of the surface of the wafer 25 and, 
thereafter, an opening is selectively formed in the 
insulation film 14 over the n-type GaAs layer 6 in the 
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Schottky diode forming region. Then, the Schottky electrode 
41 is formed in the above-mentioned opening portion and, at 
the same time, the resistance film 46 is formed over the 
insulation film 14 in the resistance element forming region. 
The Schottky electrode 41 and the resistance film 46 are 
simultaneously formed using the same material. That is, for 
example, the WSiN film having a thickness of 200 nm is 
formed by a sputtering method and, thereafter, the 
patterning is performed as shown in Fig. 9 by dry etching 
using a SF 6 gas or the like. The sheet resistance value of 
the WSiN film having a thickness of 200 nm is 50 to 100 Q. 
Although the film thickness of the WSiN film may be set to a 
value which falls in a range of approximately 0.1 to 0.5 pm, 
for example, the film thickness is set to 0.2 \m in this 

embodiment 1 . 

To form the resistance film and to establish the 
Schottky junction, the Schottky electrode 41 and the 
resistance film 46 are formed of alloy which is mainly made 
of a high melting-point material such as WSiN or the like or 
silicide. As the material of the Schottky electrode and the 
resistance film, WSi, WN, TaSi, TaN, TaSiN, TiN, TiSiN, 
MoSi, MoSiN and the like can be used. The silicide which 
constitutes high melting-point metal forms the Schottky 
electrode which is stable against GaAs . 
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Subsequently, as shown in Fig. 10, the interlayer 
insulation film 15 having a thickness of 500 nm and made of 
Si0 2 is formed over the entire area of the surface of the 
wafer 25 and, thereafter, contact holes are selectively 
formed and the lines 16 are selectively formed using a 
photolithography technique and an etching technique which 
are usually adopted. As shown in Fig. 10, the contact holes 
are formed such that the contact holes face the emitter 
electrode 11, the base electrode 10, the collector electrode 
12, the ohmic electrode 42 for diode, the Schottky electrode 
41 and two portions of the resistance film 46. The lines 16 
which are filled in these contact holes are electrically 
connected to respective electrodes (resistance films) . 

To reduce the electric resistance of the Schottky 
electrode 41, the film thickness of the WSiN film is made 
small, that is, 0.2 urn and, at the same time, the line 16 
which is connected to the WSiN film is overlapped to the 
WSiN film by a given length. Here, a gold layer may be used 
as the line 16 to reduce the electric resistance. 

Provided that the size of the Schottky electrode 41 is 
set to a size of 10 urn x 10 um, even when the thickness of 
the WSiN film is 1 pm, the parasitic resistance is 0.2 Q 
and hence, there is no problem. Further, with respect to 
the resistance film, the film is made thin to maintain the 



flatness. The resistance ratio p of WSiN is changed 
corresponding to the composition of nitrogen and silicon and 
can take a resistance value of 500 to 5000 nQcm, for 
example. In this case, the sheet resistance ps of the 
resistance film can be set to 10 to 500 Q/D based on a 
formula ps - p/t, wherein t is a thickness of the resistance 
film. 

Although not shown in the drawing, another second lines 
may be formed apart from the lines 16 when necessary. 

Subsequently, the insulation film 17 having a total 
thickness of 600 nm which is formed of the SiN film and the 
Si0 2 film (see Fig. 1) is formed over the whole area of the 
surface of the wafer 25 as a passivation film. Then, the 
thickness of the semi-insulating GaAs substrate 2 is reduced 
to 100 to 50 um as described previously, and the semi- 
insulating GaAs substrate 2 is divided by cutting 
longitudinally as well as laterally so as to produce the 
semiconductor devices 1. A portion of the semiconductor 
device 1 is shown in Fig. 1. 

By adopting such a method for manufacturing the HBT, 
the diode and the resistance, the semiconductor device 1 has 
the constitution which is expressed as an equivalent circuit 
shown in Fig. 2. That is, the equivalent circuit is 
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comprised of a power transistor Tr3 and a bias circuit which 
suppresses the change of an idle current attributed to the 
temperature change of the power transistor Tr3. A collector 
electrode of the power transistor Tr3 is connected to a 
power supply voltage Vcc and an emitter electrode of the 
power transistor Tr3 is earthed (grounded) . A base 
electrode of the power transistor Tr3 is connected to an 
emitter electrode of a transistor Tr2 through a resistance 
element R4 and a bias potential is given by a resistance 
element R5 . 

A collector electrode of the transistor Tr2 is 
connected to a power supply voltage Vcc 2 and an emitter 
electrode of the transistor Tr2 is grounded through the 
resistance element R5 . A base electrode of the transistor 
Tr2 is connected to a power supply voltage VI through a 
resistance element Rl and, at the same time, a bias voltage 
is given to the bias electrode through the Schottky diodes 
SI, S2, a transistor Trl which has a base and a collector 
thereof short-circuited and a resistance element R2 . Due to 
such a constitution, the change of the idle current which is 
generated when temperature changes and flows into the 
transistor Tr3 can be suppressed. 

Following advantageous effects can be obtained by the 
first embodiment. 
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(1) Since the Schottky electrode 41 of the Schottky 
diode and the resistance film 4 6 of the resistance element 
are simultaneously formed using the same material (WSiN) , 
the number of steps can be reduced so that the manufacturing 
cost of the semiconductor device can be reduced. 

(2) The base electrode 10 is formed such that the base 
electrode 10 surrounds the emitter electrode 11, the mask 
for etching is formed to the portion including the base 
electrode 10 and the emitter electrode 11 except for the 
outer periphery of the base electrode 10, and the mesa- 
shaped base layer 7a is formed using this mask and the 
emitter electrode 11 as masks and hence, the base-collector 
junction area can be reduced by side etching whereby the 
capacitance between the base and the collector can be 
reduced. Accordingly, the basic high frequency 
characteristics (for example, maximum oscillation frequency 
f max and the like) of the hetero junction bipolar 
transistor can be enhanced so that the high-speed operation 
and high performance of the hetero junction bipolar 
transistor can be further enhanced. Fig. 12 is a graph 
showing the correlation between the base-collector junction 
area and the power adding efficiency. As can be understood 
from this graph, when the sum of the base-collector junction 
areas of the HBT in all power stages is reduced by 20 %, 
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the power adding efficiency is enhanced by approximately 2 
%. This is an example of evaluation of GaAs-HBT for 
portable cellular phone. 

(3) In performing etching of the n-type GaAs layer 6, 
the wet etching which uses the mixed aqueous solution of 
phosphoric acid and hydrogen peroxide is adopted and hence, 
although the n-type GaAs layer 6 can be etched completely in 
the etching region, the n-type InGaP layer 5 disposed below 
the n-type GaAs layer 6 is not etched. Accordingly, since 
the thickness of the n-type GaAs layer 4 is not changed and 
hence, the resistance value of the collector is not changed 
so that there is no possibility that the collector 
resistance is increased whereby it is possible to 
manufacture the hetero junction bipolar transistors which 
exhibit the stable characteristics. 

(4) This embodiment adopts the structure in which the 
n-type InGaP layer 3 which constitutes the etching stopper 
layer is formed over the main surface of the semi-insulating 
GaAs substrate 2 and the n-type GaAs layer 4 is formed over 
the n-type InGaP layer 3. Accordingly, in forming the 
groove bottom of the separation groove 13, the etching of 
the n-type GaAs layer 4 is stopped at the n-type InGaP layer 
3 and, thereafter, the n-type InGaP layer 3 is etched by 
etching which uses a different etchant . Here, the surface 
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of the semi-insulating GaAs substrate 2 is hardly etched. 
Subsequently, the surface layer portion of the semi- 
insulating GaAs substrate 2 is etched by changing the 
etchant again so as to form the groove bottom. Accordingly, 
the etching time of the surface layer portion of the serai- 
insulating GaAs substrate 2 can be shortened so that the 
control of the depth of etching becomes accurate. As a 
result, the shortage of etching and the excessive etching 
hardly occur. 

Accordingly, the isolation defect attributed to the 
shortage of etching hardly occurs. Further, the excessive 
etching does not occur and hence, the large step is not 
generated. Since the large step is not generated, it is 
possible to prevent the disconnection of line at the stepped 
portion and the residue of metal when the line is formed at 
the stepped portion is eliminated whereby the short circuit 
between the lines can be prevented. Accordingly, the 
manufacturing yield factor of the semiconductor device is 
enhanced and the product cost can be reduced. 
(Embodiment 2) 

Fig. 13 to Fig. 16 are drawings showing a method for 
manufacturing a high frequency power amplifier which 
incorporates a bias circuit therein according to another 
embodiment of the present invention (embodiment 2). This 
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embodiment 2 is characterized in that an emitter electrode 
and a Schottky electrode of a HBT are simultaneously formed 
using a same material. 

Fig. 13 is a cross-sectional view of a portion of a 
semiconductor substrate on which an insulation film 14 which 
covers the collector electrode 12 and an ohmic electrode 42 
for diode is formed. The drawing shows a stage in which the 
separation groove 13 shown in Fig. 8 in the embodiment 1 is 
formed and, thereafter, as shown in Fig. 9, an insulation 
film 14 is formed. In this state, however, the Schottky 
electrode 41 is not formed. Also in this embodiment 2, an 
emitter layer 9a is formed using a photo resist as a mask 
and hence, there is no possibility that the emitter 
electrode is used as the mask as in the case of the 
embodiment 1. Accordingly, an emitter electrode is not 
formed even at this stage. 

Then, contact holes are formed by selectively removing 
the insulation film 14 over the emitter layer 9a and an n- 
type GaAs layer 6 in a Schottky diode forming region and 
electrodes are formed in these contact hole portions. As a 
result, an emitter electrode 11 is formed over the emitter 
layer 9a and a Schottky electrode 41 is formed over the n- 
type GaAs layer 6 in the Schottky diode forming region. The 



44 



emitter electrode 11 and the Schottky electrode 41 are 
simultaneously formed using a same material. 

That is, after forming a WSi film having a thickness of 
300 nm, for example, by a sputtering method, dry etching is 
applied to the WSi film using a SF 6 gas or the like so as to 
form the emitter electrode 11 and the Schottky electrode 41 
shown in Fig. 14. This formation process is similar to the 
process for forming the Schottky electrode 41 and the 
resistance film 4 6 in the embodiment 1 although they differ 
in material. 

Then, as shown in Fig. 15, an insulation film 48 having 
a thickness of 100 nm is formed over a whole area of a main 
surface of a wafer 25 and, thereafter, a resistance film 46 
is selectively formed over an insulation film 48 in a 
resistance element forming region. In this embodiment 2, 
the resistance film 46 is formed of a NiCr film having a 
thickness of 150 nm. 

Then, as shown in Fig. 16, an interlayer insulation 
film 15 having a thickness of 500 nm is formed over the 
whole area of the surface of the wafer 25 and, thereafter, 
contact holes are selectively formed and lines 16 are 
selectively formed using a photolithography technique and an 
etching technique which are usually employed. As shown in 
Fig. 16, the contact holes are formed such that the contact 
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holes face the emitter electrode 11, the base electrode 10, 
the collector electrode 12, the ohmic electrode 42 for 
diode, the Schottky electrode 41 and two portions of the 
resistance film 46. The lines 16 which are filled in these 
contact holes are electrically connected to respective 
electrodes (resistance films) . 

Although hot shown in the drawings, another second 
lines may be formed apart from the lines 16 when necessary. 

Subsequently, the insulation film 17 having a total 
thickness of 600 nm which is formed of the SIN film and the 
Si0 2 film is formed over the whole area of the surface of 
the wafer 25 as a passivation film. Then, the thickness of 
the semi-insulating GaAs substrate 2 is reduced to 100 to 50 
m , and the semi-insulating GaAs substrate 2 is divided by 
cutting longitudinally as well as laterally so as to produce 
the semiconductor devices. 

in this embodiment 2, the emitter electrode 11 and the 
Schottky electrode 41 of the Schottky diode can be 
simultaneously formed using the same material (WSiN) so that 
the number of steps can be reduced whereby the manufacturing 
cost of the semiconductor device can be reduced. 

Further, in the same manner as the embodiment 1, it is 
possible to achieve the shortening of the base-collector 
junction length and the reduction of resistance of the 
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collector layer. It is also possible to prevent the 
shortage of etching and the excessive etching in the 
formation of the separation groove. 
{Embodiment 3) 

Fig. 17 to Fig. 22 are drawings showing a method for 
manufacturing a high frequency power amplifier which 
incorporates a bias circuit therein according to another 
embodiment of the present invention (embodiment 3) . This 
embodiment 3 is an example of the method for manufacturing 
semiconductors in which an emitter electrode, a Schottky 
electrode and a resistance film are simultaneously formed 
using a same material. 

According to this embodiment 3, in the same manner as 
the embodiment 1, by sequentially laminating an n-type InGaP 
layer 3, an n-type GaAs layer 4, an n-type InGaP layer 5, an 
n-type GaAs layer 6, a p-type GaAs layer 7, an n-type InGaP 
layer 8, and an n-type GaAs layer 9 to a main surface of the 
semi-insulating GaAs substrate 2 using a MOCVD method or the 
like, a wafer 25 is formed. Thereafter, using a 
photolithography technique and an etching technique which 
are usually employed, the n-type GaAs layer 9 is selectively 
removed so as to form a mesa-shaped emitter layer 9a from 
the n-type GaAs layer 9 as shown in Fig. 17. 
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Subsequently, as shown in Fig. 18, using a lift-off 
method in the same manner as the embodiment 1, a base 
eleotrode 10 is formed over the n-type InGaP layer 8 in the 
HBT forming region. The base eleotrode 10 is subjected to 
the alloying treatment and the base electrode 10 is 
eleotrioally oonneoted to the p-type GaAs layer 7 which 
eventually constitutes a base layer 7a. Thereafter, the n- 
type GaAs layer (n-type InGaAs/n-ty P e GaAs layer) 9 is 
etched using a photo resist not shown in the drawings and 
the base electrode 10 as an etching mask, and the mesa- 
shaped layer 7a whose periphery is positioned inside from a 
periphery of the base electrode 10 is formed by side 
etching. 

Then, as shown in Fig. 19, an insulation film 27 having 
a thickness of 100 nm and made of Si0 2 is formed over a 
surface of the wafer 25 in the same manner as the embodiment 
1. Thereafter, contact holes for forming electrodes are 
formed by selectively etching the n-type GaAs layer 6 using 
a photolithography technique and an etching technique which 
are usually employed. Thereafter, using a lift-off method, 
a collector electrode 12 and an ohmic electrode 42 for diode 
are formed. The collector electrode 12 and the ohmic 
electrode 42 for diode are formed by a sputtering method 
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using AuGe as a material until they obtain a thickness of 
300 nm. 

in etching the above-mentioned n-type GaAs layer 6, 
wet etching which uses a mixed aqueous solution of 
phosphoric acid and hydrogen peroxide is adopted and hence, 
although it is possible to completely etch the n-type GaAs 
layer 6 in the etching region, the n-type InGaP layer 5 
below the n-type GaAs layer 6 is not etched. Accordingly, 
the thickness of the n-ty P e GaAs layer 4 is not changed so 
that collector resistance value is not changed whereby there 
is no possibility that the collector resistance is increased 
by etching. 

Subsequently, as shown in Fig. 20, in the same manner 
as the embodiment 1, using a photolithography technique and 
an etching technique which are usually employed, the 
separation groove 13 for isolation is formed so as to make 
the HBT forming region and the Schottky diode forming region 
electrically independent from each other. Further, an 
insulation film 14 made of Si0 2 is formed over the whole 
area of a main surface of the wafer 25. 

Then, as shown in Fig. 21, using a technique similar to 
the technique used in the embodiment 1, the insulation film 
14 formed over the emitter layer 9a and the n-type GaAs 
layer 6 in the Schottky diode forming region are selectively 



49 



removed thus forming the contact holes and, thereafter, the 
emitter electrodes 11, the Schottky electrode 41 and the 
resistance film 4 6 are simultaneously formed using the same 
material. 

Subsequently, as shown in Fig. 22, in the same manner 
as the embodiment 1, the interlayer insulation film 15 is 
formed over the entire area of the surface of the wafer 25 
and, thereafter, contact holes are selectively formed and 
the lines 16 are selectively formed using a photolithography 
technique and an etching technique which are usually 
employed. As shown in Fig. 22, the contact holes are formed 
such that the contact holes face the emitter electrode 11, 
the base electrode 10, the collector electrode 12, the ohmic 
electrode 42 for diode, the Schottky electrode 41 and two 
portions of the resistance film 46. The lines 16 which are 
filled in these contact holes are electrically connected to 
respective electrodes (resistance films) . 

To reduce the electric resistance of the emitter 
electrode 11 and the Schottky electrode 41, the film 
thickness of the WSiN film is made small, that is, 0.2 urn 
and, at the same time, the line 16 which is connected to the 
WSiN film is overlapped to the WSiN film by a given length. 
Here, a gold layer may be used as the line 16 to reduce the 
electric resistance. 
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Then, an insulation film 17 is formed over the whole 
area of the surface of the wafer 25 as a passivation film 
and the semi-insulating GaAs substrate 2 is divided 
longitudinally and laterally by cutting so as to manufacture 
semiconductor devices. 

in this embodiment 3, the emitter electrode 11 of the 
HBT, the Schottky electrode 41 of the Schottky diode and the 
resistance film 46 of the resistance element can be 
simultaneously formed using the same material (WsiN having a 
thickness of 200 ran, for example) so that the number of 
steps can be reduced whereby the manufacturing cost of the 
semiconductor device can be reduced. 

Further, also in this embodiment 3, it is possible to 
achieve the shortening of the base-collector junction length 
and the reduction of resistance of the collector layer as 
well as to prevent the shortage of etching and the excessive 
etching in the formation of the separation groove. 

Although the inventions which are made by the inventors 
have been specifically explained in conjunction with the 
embodiments, it is needless to say that the present 
inventions are not limited to the above-mentioned 
embodiments and various modifications can be made without 
departing from the gist of the inventions. 
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To briefly recapitulate advantageous effects obtained 
by typical inventions among the inventions disclosed in the 
present application, they are as follows. 

(1) In forming the separation groove for isolation by 
etching, the shortage of etching and the excessive etching 
are hardly occur and hence, the manufacturing yield factor 
of the semiconductor device can be enhanced whereby the 
product cost can be reduced. 

(2) Since the reduction of the base-collector 
capacitance can be obtained, it is possible to manufacture 
the semiconductor devices having hetero junction bipolar 
transistors which exhibit the faster operation and the 
excellent high frequency characteristics. 



